Hugoniot data for oligoclase and microcline to 670 and 580 kb and release adiabat data for oligoclase were obtained by means of the inclined mirror and immersed-foil-reflected-light techniques, respectively. Oligoclase and microcline have Hugoniot elastic limits in the range of 40-55 and 80-85 kb. These limits increase slightly with increasing driving shock pressure. Above the elastic limit, extending to •300 and •400 kb, transition regions of anomalously high compression are observed for microcline and oligoclase. These data and the data of McQueen, Marsh, and Fritz for albitite and anorthosite indicate .that at successively higher shock pressures within this region, the feldspars gradually transform to a high-pressure, highdensity polymorph. This polymorph probably corresponds to the rutfie-like hollanditc structure obtained in high-pressure quenching experiments by Kume, Matsumoto, and Koizumi (in KA1Ge•Os) and by Ringwood, Reid, and Wadsley (in KA1So80s, microcline). In the hollandite structure germanium or silicon is in octahedral coordination with oxygen. The zero-pressure density and the Birch-Murnaghan equation of state parameters for the adiabat and isotherm are calculated for the high-pressure polymorphs of oligoclase, microcline, anorthosite, and albitite. The release adiabat centered at 180 kb indicates that at this shock pressure some (•15%) of the hollanditc phase forms but apparently reverts to a lower-density phase on pressure release. Release adiabat curves centered at 272 and 417 kb and calculated postshock temperatures indicate that material of feldspar composition recovered from meteorite and laboratory impacts is converted to the hollanditc structure upon shock compression; upon pressure release this material probably reverts to the low-density maskelynite form.
INTRODUCTION
Previ,ous knowledge of the behavior of feldspars under shock compression has come largely from the ttugoniot data. for anorthosite and albitite reported by McQueen et al. [1967] and a few data for various plagioclases reported by Ahrens and Gregson [1964] . Both initial analysis .of the plagioclase shock data by McQueen et al. [1967] Experiments in which various plagioelases have been recovered from exposure to shock pressures of several hundred kilobars were performed by Milton and DeCarli [1962] and DeCarli and Jamieson [1959] . These experiments, in contrast to the static quenching experiments, yield a glassy amorphous material of plagioclase composition called maskelynite. The density (and mean index refraction of this material) is less than that of the corresponding plagioelase but greater than that of the glass produeed on melting plagioelase [Duke, 1964; Chao, 1967; Bunch et al., 1967; StSffier, 1967 ]. An analogous amorphous phase also exists for potash feldspar (microcline or orthoclase) and, like the amorphous plagioclase, has been found in the vicinity of natural meteorite impact craters and nuclear explosions. The amorphous materials produced from silicates on impact have been named thetamorphic or diaplectic glass by Chao [1967] and von Engelhardt and StSffier [1968] , respectively. Amorphous high-density glass of plagioclase composition has been recognized in several presumably intensity shocked meteorites [Binns, 1967; Duke and Silver, 1967] .
The present work was undertaken to examine the relation between the high-density phases that are produced on shock compression to the low-density phases that have been recovered from shock compressed feldspars. To accomplish this, release adiabats, or dynamic unloading pressure-particle velocity curves from a series of high-pressure shock states were obtained for plagioclase samples having an oligoclase composition. The release adiabat data and some additional Hugoniot data for oligoclase and microcline are employed in calculating the pressure-volume-temperature states achieved on shock compression both for feldspars and for the adiabatic release of the oligoclase material. 
Distance-time (a) and shock-pressureparticle-velocity (b) representations of lowimpedance buffer material release adiabat experiment. OEM represents sample Itugoniot; OB, OA, OC, and OD represent buffer ttugoniots.
EXPERIMENTAL CONCEPTS
Itugoniot states in the feldspars were obtained by using the reflected-light recording techniques described in Ahrens and Gregson [1964] . In the experiments the measured shock transit time through the sample determined the shock velocities, and the velocity associated with the sample and/or driver plate free-surface determined the shock particle velocities. Over much of the pressure range of the present data two shock fronts are formed in the feldspar. As discussed below, the first shock was interpreted as representing the elastic precursor and the second shock represented the deformational or final shock state in the sample. The elastic shock state is determined from the shock velocity, shock-particle velocity (which is assumed to be one-half the free-surface velocity) and the initial density, using the Rankine-Hugoniot con- • On heating to above 110øC; 0.03 mole % water released on heating to below 110øC. servation equations. The deformational shock state is determined with an impedance match solution [Rice et al., 1958 ] by using the measured second-shock velocity, the density and the particle velocity associated with the elastic shock state, and the driver plate free-surface velocity.
The concept underlying release adiabat measurement may be illustrated by considering an experiment in which a plane shock, S•, which induces a known Hugoniot state, P•, u•, in the specimen is permitted to reflect at the interface between the specimen and another material called the buffer material (Figure 1 ). On reflection of the shock S• at the specimen-buffer interface, a shock S2 is transmitted into the buffer material, and a rarefaction (pressure release) wave R• is simultaneously reflected back into the specimen. The pressure in the specimen material is reduced adiabatically by R• to a state that lies along the specimen release adiabat passing through the Hugoniot point, P•, u•. Because of the boundary condition requiring continuity of pressure and particle velocity at the specimen-buffer interface, the shock pressure and particle velocity P,' and u,' associated with the shock front S2 in the buffer material are the same as the pressure and particle velocity associated with the state P•, u•, behind R• in the specimen. Hence determination of the parameters, P•, u•, in the specimen reduce to the task of measuring P.' By repeating the shock reflection experiment by using different buffer materials, with, for example, Itugoniots OB, OC, and OD (Figure 1) , a series of pressure-particle velocity release states R•,, RA, Rc, R,, urs is obtained. Here urs represents the free-surface velocity which is measured when no buffer (or air) is placed above the sample. The locus .of states R•, RA, Rc, R,, uts defines the specimen release adiabat that passes through the Hugoniot state P•, u• in the P-u plane. Experimental details are given in Ahrens and Ruderman [1966] .
HUGONIOT AND ]•ESEASE AI)IABAT

MEASUREMENTS
Itugoniot and release adiabat measurements were performed on a single phase oligoclase from Muskwa Lake Quarry, Ontario (Table 1) . Itugoniot data were also obtained by using samples of microcline from Ontario, Canada (purchased from Ward's National Science Establishment). Disk-shaped samples of both materials were prepared from cores taken (approximately) perpendicular to 'c' crystallographic axis. After surface grinding to a fine finish, the sample densities were obtained by measuring the disk dimensions with a micrometer and weighing the samples. For oligoclase the average density .obtained was 2.634 -----0.004 g/cm 8, which correlated well with the value 2.648 g/cm 8 obtained by the method of Archimedes. The Archimedes value compares more closely than does the measuring and weighing method value with the theoretical range of densities for oligoclase of 2.64 to 2.67 g/cm •. For the micr. ocline, measured densities varied from 2.550 to 2.561 g/bm •, which agrees closely with the theoretical value of 2.561 g/½m •.
In the majority of the experiments, plane steady shock waves were obtained in the experimental assemblies (Table 2) on the impact of explosively accelerated flyer plates (Figure 2) . As the shock propagates through the driver plate, specimen, and immersed foil cells, the entire assembly is illuminated from above by an In using a solid buffer material to obtain release adiabat data, we assume that principal Itugoniot and release adiabats centered along the principal Itugoniot of the buffer material are known and hence a measurement of particle or shock velocity in the buffer determines the buffer shock state. As in the case of liquid buffer, a shock S• originating in the specimen reflects at the specimen-buffer interface ( Figure  4 ). This interaction drives a shock S, in the buffer and a rarefaction wave R•, back into the specimen. To obtain the shock pressure P,' --P,, and the particle velocity u,' --u, (state R,) associated with S,, and thus also associated In the present experiments commercially pure magnesium in the form of machined plates was used as the buffer witness plate material. Because the shock impedance of magnesium is greater than that of the liquids employed (ethanol and glycerol) but less than that of the specimen, the points on the specimen release adiabat obtained in the P-u plane lie close to the specimen Itugoniot.
• In oligoclase the amplitude of the elastic shock (the so-called Hugoniot elastic limit, or HEL) apparently increases with deformational shock amplitude. This effect, called stress relaxation, is known to occur in single-crystal and polycrystalline quartz [Wackerle, 1962; Ahrens and Duvall, 1966] . The HEL varies from about to about 55 ñ 1 kb for a 420-kb deformational shock. In contrast to the response of quartz and periclase , no obvious dependence of the I-IEL with shock propagation path length (varied from 3 to 6 ram) is observed.
Above the ItEL going from regime I to regime II (Figure 6 ) the ttugoniot curve f. or oligoclase indicates a region of anomalous compression. The lower limit of this anomalous region is not certain but a value of 140 kb was assumed for purposes of shock temperature calculations (see below). Above 400 kb, this anomalous behavior ceases and the ttugoniot and release adiabat curves show normal compressibility and steepness. It thus appears that the region along the ttugoniot above 400 kb corresponds to the behavior of a new high-pressure phase.
The ttugoniot data for micr. ocline (Table 4 (1118ø-1553øC) 
CALCULATION OF TE1VIPERATURES• ADIABATS, AND ISOTHERMS
Whereas Hugoniot and release adiabat experiments provide the pressure-volume-energy states attained by material on being shocked to high pressure and then monotonically returned to zero pressure, the temperature-time profile must in general be calculated by using additional thermochemical data. The P-V-T history of silicates shocked to various pressure levels is of interest in the study of the shock metamorphism of rock-forming minerals.
For silicates, calculation of shock temperature is challenging because of the transformations to more closely packed structures that take place at elevated pressures and because of the variation of specific heat with temperature and compression that arises from the high The temperature and volume dependence of C•, the specific heat at constant volume, is assumed to be described by the Debye model of the solid [Huang, 1967] .
For simplicity we have taken 7/V --b (a constant). In calculation A we have assumed this constant to be known for both phases. Here 7 is Griineisen's ratio or V(OP/OE)•. Although other, more elaborate forms of 7 ----7(V) are available [Anderson, 1968] The calculated temperatures for oligoclase for the three regimes are plotted in Figure 13 . Shock temperatures, isotherms, and adiabats for regime III are given in Table 7 . Bounds on the postshock temperature achieved along the various experimental release adiabat curves are based on the type A calculations for regime II and III (Table 8) (Table 7) .
The zero-pressure density and parameters of the equation of' state for the isotherm (subscript t) and adiabat (subscript s) for the high-pressure phase are given in Table 9 • The constants used for glycerol and ethanol are given in Table 10 .
